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Background. The use of external banding during transcommissural external valvuloplasty has the theoretical advantage of
increasing the durability of surgical procedure. The aim of this study was to assess the durability of this combined approach
and compare its long-term results with those of external valvuloplasty procedure applied alone.
Methods. We retrospectively reviewed data on 144 patients with combined superficial and deep venous reflux who under-
went transcommissural external valvuloplasty procedure alone or transcommissural external valvuloplasty plus external
banding procedure over a 7-year period from September 1998 to November 2005. The clinical study included only the
patients who have completed at least 48 months of follow-up period. Seventy-six patients who have completed the necessary
follow-up period were divided into 2 groups according to the surgical procedure performed. Group A consists of 40 patients
in whom transcommissural external valvuloplasty was the procedure of choice and Group B consists of 36 patients in
whom an external banding has been added to external valvuloplasty repair. The outcomes assessed are venous clinical
severity scores of patients, ulcer recurrence and competency rates.
Results. In both groups, median preoperative Venous Clinical Severity Scores were 3. The severity scores improved in both
groups during the postoperative follow-up period. However, although the scores of Group B patients at 12 and 24 months
were lower than those of Group A, the difference was not statistically significantly at these time points; but, reached a
statistical significance at the end of 36 months. Ulcer-freedom rates at 48 months for groups A and B were 72% and
96%, respectively. The cumulative competency rates of 40 Group A patients were 85% at 6 months, 77.5% at 12 months,
69% at 24 months, 58% at 36 months, 55% at 48 months, and 48.5% at 60 months. The cumulative competency rates
of 36 patients in Group B were 88% at 6 months, 80% at 12 months, 75% at 24 months, 71.5% at 36 months, 69%
at 48 months, and 69% at 60 months.
Conclusions. Although external valvuloplasty procedure is an acceptable technique that can be used in patients with deep
venous reflux, our study revealed that its durability may be limited and decreases over time. The addition of external band-
ing provides more durable results with a lesser incidences of ulcer recurrence and valve incompetence.
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In patients with deep venous reflux, although various
open and closed approaches have been tried by many
surgeons,1e4 the most suitable technique for an indi-
vidual patient is still a subject of considerable debate.
In 1990, Kistner5 reported a new external technique
which closes the widened angle between the valve
attachment lines. Although this closed technique has
the theoretical advantage of being faster,6,7 the major
*Corresponding author. M. Us, Bagdat Caddesi, Erenko¨y Cami Sok.,
Soley Apt., No 2, D 6, Istanbul, Turkey.
E-mail address: melihus@superonline.com1078–5884/000494+ 08 $32.00/0  2006 Elsevier Ltd. All rights reseconcern with this technique is the extent of its durabil-
ity. Since the closed technique may be associated with
dismal long-term results, some authors proposed
a modification of closed method which consists of
covering the external valvuloplasty site with a Dacron
sleeve.6e10 The combination of external banding and
transcommissural external valvuloplasty has the
theoretical advantage of preventing dilatation of the
repaired valve site and some studies demonstrated
the success of this approach in the long-term control
of venous reflux.6 In this clinical study, we aimed to
assess the durability of this combined approach and
compare its long-term results with those of external
valvuloplasty procedure applied alone.rved.
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We retrospectively reviewed data on 144 patients with
combined superficial and deep venous reflux who
underwent transcommissural external valvuloplasty
(TEV) procedure alone or transcommissural external
valvuloplasty plus external banding (TEVþEB) pro-
cedure at our institution over a 7-year period from
September 1998 to November 2005. This study in-
cluded only the patients presenting with proximal
primary deep valve insufficiency in whom transcom-
missural valvuloplasty was performed at a single vein
site (common femoral vein). The study was approved
by the ethical committee of the hospital and informed
consent was obtained from each patient and the study
was approved by the Scientific Committee of the
hospital.
All patients underwent a careful clinical analysis,
duplex doppler scanning and hemodynamic eva-
luations preoperatively. Any patient with a previous
history of deep venous thrombosis, major trauma or
surgery was excluded into the analysis. Therefore, the
primary underlying pathology was primary reflux in
both groups (Table 1). All patients were classified
according to CEAP11,12 (Clinical-Etiology-Anatomic-
Pathophysiologic) and VCSS13 (Venous Clinical Sever-
ity Score) classifications. Surgical intervention for
deep venous reflux in addition to a conventional
ankle-to-groin stripping was considered for all class
C3, C4, C5 and C6 patients. Since the extent of addi-
tional superficial venous ablative procedures may in-
fluence the results of the surgical procedures; to
overcome any statistical bias, only the patients who
have undergone simultaneous complete conventional
ankle-to-groin stripping of greater saphenous vein
were included into the study. Duplex ultrasonographic
evaluation was obtained in all patients by the same in-
vestigator at both pre- and postoperative assessments.
With the patient standing and non-weight bearing,
pneumatic cuffs were deflated at different limb levels
and reflux velocities were measured with ultrasound
Table 1. CEAP classification of all patients
Group A Group B
C3 8 (20%) 5 (14%)
C4 7 (17.5%) 8 (22.2%)
C5 10 (25%) 9 (25%)
C6 15 (37.5%) 14 (38.8%)
Etiology
Primary 40 (100%) 36 (100%)
Secondary e e
Pathophysiology S and D reflux S and D reflux
S, superficial venous system; D, deep venous system.scanning. A reflux time of more than 0.5 second at
duplex ultrasound was considered abnormal. Results
of ultrasonographic evaluation was also confirmed by
haemodynamic examination performed according to
the description of de Souza.6 This evaluation was
performed by the same physician with the aid of a
needle inserted into a foot vein. The measurements
obtained were the followings: valsalva pressure eleva-
tion (VPE), venous refilling time (VFT), venous reflux
index (VRI), ambulatory venous pressure drop (AVP).
According to our clinical experience, a pressure eleva-
tion of less than 5 mmHg after Valsalva maneuver is
normal. Ambulatory venous pressure was measured
at standing and repeated following repetitive calf com-
pressions. A pressure drop of more than 50% in com-
parison with the value obtained at rest is considered
normal.Venous refilling time (in seconds) is the interval
between the time when ambulatory pressure was ob-
tained and recovery of 90% of the resting pressure.
Themultiplication of Valsalve test value by ambulatory
venous pressure gives venous reflux index and a value
of <200 is normal. The analysis also included only
patients who have completed at least 48 months of
follow-up period.
Seventy-six (76) patients who have fulfilled the nec-
essary criteria represented the study group for all sub-
sequent analysis. For analysis purposes, this patient
group was divided into 2 groups according to the sur-
gical procedure performed. Group A consists of 40 pa-
tients (52%, 40/76) in whom TEV was the procedure
of choice performed alone. Group B consists of 36
patients (48%, 36/76) in whom an external banding
has been added to transcommissural external valvulo-
plasty procedure (TEVþ EB). The decision for whether
to wrap or not is a time-dependent process. Although
we have sporadically performed wrapping in some
patients, we started to use it more liberally after the
year 2001. We have used external valvuloplasty tech-
nique since 1992, but, only the patients who have un-
dergone the surgical intervention after 1998 were
included into the study.
Surgical technique
All patients were operated under spinal or epidural
anaesthesia and all operations were performed by
the same surgical team. Strong lighting with a fibre-
optic headlamp and magnification with 4.5 optical
loupes were used during the operation. A prophy-
lactic dose of cefazolin (1 g) was given intravenously
before surgery and continued 3 times daily for 2 days
after the surgical intervention. In all patients, a conven-
tional ankle-to-groin stripping of greater saphenousEur J Vasc Endovasc Surg Vol 33, April 2007
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branches at the saphenofemoral junction. Since prox-
imal femoral repairs were more durable than other
sites,14 common femoral vein (CFV) valve was our
first choice for transcommissural external valvulo-
plasty. In patients without a correctable CFV valve,
superficial femoral vein (SFV) valve has been re-
paired; but, these patients were excluded from the
statistical analysis.
During the operation, common and superficial
femoral veins were exposed by an inguinal incision
and the valve-bearing vein segment was dissected
free around its circumference and all tributaries
were divided. Adventitial dissection was then carried
out carefully to identify the valve attachment lines.
We measured the diameters of the common and
superficial femoral veins adjacent to dilated vein
segment by using a special compass and determined
the correct size of common femoral vein. Topical di-
luted papaverine solution was also applied to induce
vasodilatation and intravenous heparin (5 000 IU)
was given. The repair was performed on a distended
vein without clamping. The patients were placed in
a reverse-Trendelenburg position and were asked to
perform a Valsalva manoeuvre to detect any defor-
mity or dilatation. The closed valvuloplasty technique
was employed for both anterior and posterior commi-
sures with a continuous suture using 7.0 polypropyl-
ene which approximates the commissural angle
of incompetent valve. The suture line was started
0.5e1 cm. above the level of the commisures and
extended caudally 0.5e1 cm. beyond the commissural
level. The bites were taken very shallowly in the
uppermost and lowermost extents of the suture line.
At the commissural level, the bites were taken more
aggressively to shorten the valve cusp length. In 36
patients, in addition to closed valvuloplasty, the re-
paired vein segment was also covered with a Dacron
sleeve. The size of the dilated vein segment was cor-
rected according to the size of the common femoral
vein adjacent to dilated vein segment. The diameter
of the externally wrapped Dacron patch should be
equal to the diameter of the adjacent vein segment
(Fig. 1 A, B, C). After the operation, all patients
were asked to ambulate on the first postoperative
day and wore a compression stocking (30e
40 mmHg). Heparin has not been used at the early
postoperative period; but, the patients were kept on
oral warfarin treatment for 6 months to achieve an
INR level of 2e2.5. In patients with a venous ulcer,
appropriate antibiotics were given and careful wound
care with topical solutions were used postoperatively.
Patients were also encouraged to resume full activity
after discharge.Eur J Vasc Endovasc Surg Vol 33, April 2007Follow-up and data analysis
Demographic and other-patient related data were ob-
tained from medical and surgical records. During the
early postoperative follow-up period, the two groups
were comparedwith respect to the incidence of compli-
cations including ecchymosis, lymphocoele, lynphatic
leak, wound infection and paraesthesia in the extrem-
ity. Healing of ulceration was defined as complete
re-epithelialisation. All patients were seen clinically
at intervals of 2 months, 6 months, 12 months, and
then yearly from the date of the procedure. At each
clinical visit, all patients were assessed according to
VCSS. Duplex examination and hemodynamic evalua-
tions have been also repeated by the same investigator
at intervals of 2months, 6months, 12months, and then
yearly from the date of the procedure. The repaired
femoral vein valve was examined to determine the
patency and competency of the valve segment.
Data were expressed as median and ranges. The
categorical data were analysed by using a chi-square
test. The comparison of venous severity scores, valve
reflux times and hemodynamic parameters between
2 groups at each time point was performed by
Mann-Whitney U test. The changes in valve reflux
time and venous severity scores within a group
were analyzed by using paired sample t-test. Cumu-
lative ulcer freedom and competency rates were
assessed by Kaplan-Meier analysis with log-rank
test. Results were assessed with 95% confidence inter-
vals at a significance level of p< 0.05.
Results
Patients’ demographics are summarised in Table 2.
There were 40 patients in Group A, and 28 of them
(70%) were women. The age of Group A patients
ranged from 35 to 49 years (median, 43 years). In
Group B, the ages of patients ranged from 36 to
52 years with a median of 44 years. The female to male
ratio of this group was 24/12.
In Group A, superficial and/or deep wound infec-
tions requiring antibiotic treatment occurred in 2 pa-
tients. In groups A and B, ecchymosis and lymphatic
leak requiring no surgical exploration occurred in
5 and 3 patients, respectively. In Group B, 1 patient de-
veloped superficial wound infection, but the infectious
process resolved with appropriate antibiotic treatment
at the end of one week. In Group A, haematoma oc-
curred in 2 patients, but surgical drainage was not con-
sidered due to the small size of the haematoma.
Postoperatively, deep venous thrombosis was obser-
ved in 3 patients, 1 in Group A (2.5%) and 2 in Group
497External Banding in the Durability of Transcommissural External Deep VVRFig. 1. A, B, C. The dilated vein segment was repaired with a running suture technique. The closed valvuloplasty technique
was employed for both anterior and posterior commissures with a continuous suture technique which approximates the
commissural angle of refluxive valve. In addition to closed valvuloplasty, the repaired vein segment was also covered
with a Dacron sleeve in Group B patients. The size of the dilated vein segment (x’) was corrected according to the size
of the common femoral vein (x) adjacent to dilated vein segment.B (5.5%) (p¼ 0.08). All these thrombi involved the op-
erated site and all patients were treated conventionally
with anti-coagulant regimen. The numbers of patients
who developed postoperative complications (<30
days) were 10 (10/40, 25%) and 6 (6/36, 16%) in groups
A and B, respectively (p¼ 0.07).
In groups A and B, median duration of follow-up
were 54 and 58 months, respectively. Limb ulcer was
Table 2. Patients’ demographics
Group A Group B
Number (n) 40 36
Median age (years) 43 44
Female/Male ratio (n) 28/12 24/12
Primary complaint (n)
Ulcer 25/40 (62.5%) 25/36 (69%)
Pain 32/40 (80%) 30/36 (83%)
Presence of dermatitis 8/40 (20%) 6/36 (16%)
Leg swelling 38/40 (95%) 33/36 (91%)
Recurrent thrombosis 5/40 (12.5%) 4/36 (11%)the surgical indication in a total number of 50 patients.
Of these patients, 25 (25/40, 62.5%) were in Group A
and 25 (25/36, 69%) were in Group B ( p¼ 0.06). Fol-
lowing surgical treatment, all these ulcers but those
in 2 patients promptly healed within a maximum of
6 months. These 2 patients with failure to heal were
in Group A and repeat surgical intervention was
undertaken in these patients. During the surgical
intervention, the initial failure of valve repair was ac-
cepted as the cause of primary nonhealing and exter-
nal wrapping was carried out which resulted in ulcer
healing in both patients. Among the 48 patients with
primarily healed ulcers, 8 recurred during the follow-
up period. Ulcer recurrence was observed in 7 of 38
Group A patients with primary healing (7/38
patients, 18.4%) and in 1 of 36 Group B patients
(1/36, 2.7%) (p< 0.001). Interestingly, in Group A,
6 of ulcer recurrences were detected after a follow-up
period of at least 30 months and duplex ultrasoundEur J Vasc Endovasc Surg Vol 33, April 2007
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valve site as the cause of the recurrence. Ulcer-freedom
rates at 48 months of follow-up for groups A and B
were 72% and 96%, respectively (Fig. 2) (p¼ 0.009).
The clinical outcomewas evaluated in all patients ac-
cording to Venous Clinical Severity Score (VCSS). In
groups A and B patients, median preoperative Venous
Clinical Severity Scores were 3. The severity scores
improved in both groups during the postoperative
follow-up period and the changes over time revealed
significant differences. Although the mean scores of
Group B at 12 and 24 months of follow-up were lower
than those of Group A, the difference was not statisti-
cally significantly (p values at 12 and 24 months were
0.08 and 0.07, respectively); but, became statistically
significant at the end of 36-month time point
(p¼ 0.005). The mean scores of the Group B remained
stable over 60 months; but, a delayed deterioration
was observed in Group A. Venous Clinical Severity
Fig. 2. Cumulative ulcer-freedom rates (Kaplan-Meier
analysis with logrank test, p¼ 0.008).Scores of both groups were given in Fig. 3. Postopera-
tive haemodynamic evaluations revealed outcomes in
parallel to the clinical assessment (Table 3).
At the long-term follow-up, there were 18 instances
of recurrent reflux in GroupA patients (18/40, 45%). In
Group B, the reflux recurrence has been observed in
11 patients (11/36, 30.5%). In Group A, the frequency
of pain-free patients increased from 20% (8/40) before
surgery to 75% (30/40) at the early postoperative period
(p< 0.001). In Group B, this frequency increased from
16% (6/36) to 88% (32/36) at follow-up (p< 0.001). For
each group, differences in outcomes between those
patients who had recurrent reflux and those who had
no reflux recurrence have been given in Table 4. The
cumulative competency rates of 40 Group A patients
were 85% at 6 months, 77.5% at 12 months, 69% at 24
months, 58% at 36 months, 55% at 48 months, and
48.5% at 60 months. The cumulative competency rates
of 36 patients in Group B were 88% at 6 months, 80%
at 12 months, 75% at 24 months, 71.5% at 36 months,
69% at 48 months, and 69% at 60 months (Fig. 4).
Discussion
Themain abnormalities in a valvewith primary incom-
petence are the elongation of valve cusps and widen-
ing of valve commissural angle.4,5,14 Although the
internal valvuloplasty corrects the redundancy of cups,
it does not close the widened angle between the valve
attachment lines. In contrast, Raju10 stated that the
transcommissural external valvuloplasty repairs both
pathologies simultaneously and it can be used safely
and effectively in patients with deep venous
reflux. However, the major concern with externalFig. 3. Venous Clinical Severity Scores of Groups A and B (values in median).
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Preoperative 6 month 12 month 36 month
VPE (mmHg)
Group A 9 (6e13) 3 (1e5) 4 (2e6) 5 (3e8)
Group B 10 (7e14) 2 (0e4) 3 (1e5) 3 (1e5)*
VFT (s)
Group A 11 (5e18) 37 (23e55) 34 (21e46) 25 (18e34)
Group B 11 (7e13) 42 (32e54) 39 (27e48) 37 (24e45)*
VRI
Group A 360 (300e450) 180 (120e240) 240 (150e300) 280 (180e340)
Group B 420 (280e540) 150 (100e210) 160 (120e220)* 180 (150e240)*
AVP drop (%)
Group A 30 (20e35) 74 (48e85) 66 (55e75) 55 (50e65)
Group B 25 (15e34) 81 (67e89) 72 (58e81) 70 (56e78)*
VPE, valsalva pressure elevation; VFT, venous refilling time; VRI, venous reflux index; AVP, ambulatory venous pressure.
* p is significant at this time measurement (Mann-Whitney U test).valvuloplasty is the extent of durability of repair re-
garding long-term reflux control. Our findings sup-
ported our primary hypothesis that the long-term
durability of transcommissural external valvuloplasty
may be limited; but, the addition of external wrapping
during primary surgical intervention increases sig-
nificantly the durability of repair. Previous studies
have confirmed the feasibility of this combined ap-
proach6,10,15; but, were not able to demonstrate its su-
periority in a matched cohort. In this clinical study,
we demonstrated a significantly improved long-term
durability of this combined approach in comparable
groups of patients with venous reflux.
In patients with deep venous reflux, the decision for
surgical strategy is usually dictated by the severity of
symptoms in concert with the extent of underlying pa-
thology. Our cumulative competency rate in Group A
patients is comparable to those of similar reports.
In his study, Raju reported 59% competency rate at
30months.10 Although this recurrence rate seems quite
acceptable, we agreewith Rajuwho stated that both the
internal and external repair techniques experience
some recurrence over a time-period. The first phaseof recurrence usually occurs during the first 6 months
after the surgical intervention. Although the main
cause of this primary recurrence is unknown, we
believe that it may be related to technical aspects of sur-
gical intervention such as incorrect technique, redilata-
tion of the repaired vein segment and damage to the
repaired valve site. The second type of recurrence is
usually more gradual and usually occurs several years
after primary intervention. Although the exact cause of
this deterioration is not clearly defined, similar find-
ings were also reported by many other authors.10,15
Therefore, many surgeons started using external band-
ing during valvuloplasty to reduce the rate of long-
term recurrence. Although our study revealed superior
results in patients who underwent an external wrapp-
ing procedure, we can also speculate on another mech-
anism of late recurrence in such cases. This type of late
recurrence may occur because of Dacron-induced in-
flammatory reaction and fibrosis. In group B patients,
although we did not document it, slight deterioration
detected at the long-term follow-up may be related to
retraction of the venous valves because of Dacron-
induced inflammatory reaction.Table 4. Differences in outcomes between those patients who had recurrent reflux and those who had no reflux recurrence
Group A (n, 40) Group B (n, 36)
RR (n, 18) No RR (n, 22) RR (n, 11) No RR (n, 25)
Ulcer recurrence (n, %) 9 (50%) e 1 (9%) e
Pain (n, %) 9 (50%) 1 (4.5%) 3 (27%) 1 (4%)
p< 0.001 p< 0.001
Edema (n, %) 16 (88.8%) 4 (18.2%) 9 (82%) 3 (12%)
p< 0.0001 p< 0.0001
Worsening of pigmentation 14 (77.7%) e 6 (54.5%) e
Worsening of induration 7 (38.8%) 2 (9%) 5 (45.5%) 1 (4%)
p< 0.001 p< 0.001
*Worsening of Inflammation 9 (50%) 2 (9%) 2 (18.2%) e
p< 0.001
RR, reflux recurrence; No RR; no reflux recurrence.
* The difference is significant.Eur J Vasc Endovasc Surg Vol 33, April 2007
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than other sites,14 common femoral vein valve was
our first choice for external valvuloplasty. Some
authors have reported that distal valvuloplasty gives
better results and proposed that the distal superficial
femoral and popliteal vein valves should be the choice
of repair sites during surgery.16e18 The proponents of
this statement stated that these valves may act as
a ‘‘gate-keeper’’ since they are located just proximal
of the venous pump. However, this statement has
not been favoured by others and some authors even
demonstrated that lower extremity flexion at knee
joint may lead to adventitial thickening.2,14 Therefore,
we decided to repair the most proximally located
valve as previously proposed by some surgeons.19
Study limitations
There are some limitations of the study. Firstly, this is
a retrospective study. The major concern with this
study was the creation of homogenous groups. Since
the patients may differ in terms of type and degree
of underlying pathology, it is not always possible to
create comparable groups. To increase the force
and the reliability of the statistical analysis, only the
results of patients treated because of the primary
deep venous reflux were assessed. The prevalence
of deep venous reflux in patients with superficial
venous reflux is reported to be 20e25%.20 Therefore,
in this group of patients, the procedures to correct
deep venous reflux were generally combined with ab-
lation of the superficial venous system and postopera-
tive conservative therapy. This may have been
sufficient to lead to a good outcome without the
need for deep vein valve repair. According to one the-
ory, surgical correction of superficial venous reflux can
positively influence the deep system by decreasing
Fig. 4. Cumulative competency rates (Kaplan-Meier analysis
with logrank test, p¼ 0.04).Eur J Vasc Endovasc Surg Vol 33, April 2007volume overload. The differences between each pa-
tient in terms of surgical and medical treatments
may also cause misinterpretation of the results.
Therefore, our study included only the patients who
underwent a conventional complete ankle-to-groin
stripping. By this way, we aimed to overcome any
statistical bias which may originate from the addition
of a superficial ablative surgical procedure.
The external valvuloplasty procedure restores val-
vular competence in patients with deep venous reflux.
Our study confirms that this operation may have lim-
ited durability may be limited and decreases over
time. The addition of external banding improves the
outcome after 4 years reducing the incidence of ulcer
recurrence and valvular incompetence.
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